The methanolic extract [inhibition (%): 61.2±3.8 (p<0.01) at 100 g/mL] and its EtOAc-soluble fraction [inhibition (%): 82.5±1.7 (p<0.01) at 100 g/mL] from the sclerotia of Inonotus obliquus collected in Japan significantly inhibited invasion of human fibrosarcoma HT1080 cells through matrigel-coated filters. In addition, the methanolic extract significantly inhibited lung tumor formation fifteen days after injection of B16F10 melanoma cells in mice [inhibition (%) 66.1 ± 12.8 (p < 0.05) at 500 mg/kg/d, p.o.]. Lanostane-type triterpenes were isolated as the common principal constituents from Japanese and Russian I. obliquus. Furtheremore, we examine the inhibitory effects of the constituents on the invasion of HT 1080 cells. Interestingly, 3-hydroxylanosta-8,24-dien-21-al [inhibition (%) 37.9 ± 3.0 (p < 0.05) at 30 M] significantly inhibited the invasion, and no cytotoxic effect at 30 M was observed.
Inonotus obliquus (Hymenochaetaceae) has been distributed in north regions of Japan, Russia, and so on. The sclerotia of this fungus (Kabanoanatake in Japanese, Charga in Russian) have been used for treating cancer as a folk medicine. In the previous study, we reported the isolation and structure elucidation of several triterpenes from the sclerotia of I. obliquus collected in Japan [1] . Furthermore, several chemical and biological studies on I. obliquus have been reported [2] [3] [4] [5] [6] . For example, triterpenes were isolated as chemical constituents with cytotoxic effects from the sclerotia of I. obliquus [2] [3] [4] [5] . Recently, polysaccharides fraction derived I. obliquus was reported to inhibit the invasion in B16F10 melanoma cells in vitro [6] . However, the biological study of the isolated compounds on metastatis of cancer was left uncharacterized. In addition, anti-metastatic experiment in vivo of the extract was also uncharacterized. Metastatis of cancer, which is the major cause of death in cancer patients, occurs through a complex multistep process. On the metastasis, invasion into the circulation from the primary tumor through the extracellular matrix (ECM) and basement membrane (BM) is an essential step. Therefore, its blockade has been considered to enhance survival of cancer patients. In the previous study, we have reported the inhibitory effects of several rotenoids and phenylbutanoids on invasion of HT 1080 cells through matrigel-coated filters [7, 8] .
In the present study, to develop the invasion inhibitors and evaluate the traditional effects of I. obliquus, the inhibitory effects of the methanolic (MeOH) extract from the sclerotia of I. obliquus on the invasion of HT1080 cells through matrigel-coated filters as in vitro experiment were examined. In addition, the inhibitory effects of the MeOH extract on metastasis of B16F10 melanoma cells in mice as in vivo experiment were examined. Next, effects of triterpenes isolated from the sclerotia of I. obliquus collected in Japan and Russia on invasion of HT1080 cells and proliferation of HT1080 cells were examined.
To investigate the anti-metastatic activity of medicinal fungi, we examined the effects of the MeOH extracts from six medicinal fungi (the sclerotia of Ganoderma lucidum, Polyporus umbellatus, Wolfiporia extensa, Lentinula edodes, and Agaricus subrufescens) on the invasion of HT1080 cells through matrigel-coated filters. As a result, the MeOH extract from the sclerotia of I. obliquus collected in Japan showed the inhibitory effects [inhibition (%):
61.2±3.8 (p<0.01) at 100 g/mL] ( Table 1 ). The effect was strongest among six fungi. The EtOAc-soluble fraction, a predominant bioactive portion, was subjected to normal-and reversed-phase silica-gel column chromatography and repeated HPLC to give lanosterol (1) [1, 9] , 3,25-dihydroxylanosta-8,23-diene (2) [1, 10] , inotodiol (3) [1, 11] , trametenolic acid (4) [1, 11] , 3-hydroxylanosta-8,24-dien-21-al (5) [1, 11] , 3β,21-dihydroxylanosta-8,24-diene (6) [1, 12] , betulin (7) [13] , ergosterol peroxide (8) [14] , 3,4-dihydroxybenzaldehyde (9) together with lanosta-8,24-diene-3-one [12] (Figure 1 ). We have already reported the isolation of 1-6 [1] . In the present study, compounds 7-9 were isolated moreover. Next, for comparison of the constituents of I. obliquus collected in Japan with those of Russia, we examined the constituents from the sclerotia of I. obliquus collected in Russia. As a result, compounds 1, 3, 4, 7, and lanosta-8,24-diene-3-one, were isolated as well as those of Japan. The effects of the principal constituents from the sclerotia of I. obliquus on the invasion of HT1080 cells through matrigel-coated filters were examined (Table 4 ). Deguelin, which was known to display the inhibitory effects on the invasion and cytotoxicity on HT1080 cells was shown as positive control in Table 4 [7] . Among them, compounds 1, 2, 3, 5, and 6 showed the inhibitory effects on the invasion of HT1080 cells. Particularly, lanosterol (1), inotodiol (3), and 3-hydroxylanosta-8,24-dien-21-al (5) significantly inhibited the invasion [inhibition (%) 52.7 ± 3.1 (p < 0.05) for 1, 31.4 ± 10.3 (p < 0.05) for 3, 37.9 ± 3.0 (p < 0.05) for 5, at 30 M].
Next, the cytotoxic effects of 1, 3, and 5 against HT-1080 cells by using WST-8 assay and calcein-AM assay were examined (Table  5) Significantly different from the control, *p<0.05, **p<0.01 b Reference compound. Data was cited from our report [7] . [7] .
In conclusion, the MeOH extract from the sclerotia of I. obliquus collected in Japan significantly inhibited invasion of HT1080 cells through matrigel-coated filters and lung tumor formation fifteen days after injection of B16F10 melanoma cells in mice. In additon, lanostane-and lupane-type triterpenes were isolated as the common constituents from the sclerotia of I. obliquus collected in Japan and Russia. Furthermore, 3-hydroxylanosta-8,24-dien-21-al (5) significantly inhibited invasion of HT1080 cells at 30 M, and no cytotoxic effect was observed at 30 M. These results may be useful in the design of lead compounds for development of antimetastatic drugs.
Anti
General:
The following instruments were used to obtain physical data: specific rotations, a Horiba SEPA-300 digital polarimeter (l = 5 cm); EIMS and HREIMS, JEOL JMS-GCMATE mass spectrometer;
1 H-NMR spectra, JEOL JNM-ECS400 (400 MHz), JEOL JNM-LA500 (500 MHz), and JEOL JNM-ECA600 (600 MHz) spectrometers;
13 C-NMR spectra, JEOL JNM-ECS400 (100 MHz), JEOL JNM-LA500 (125 MHz), and JEOL JNM-ECA600 (150 MHz) spectrometers with tetramethylsilane as an internal standard; HPLC, a Shimadzu RID-6A refractive index and SPD10Avp UV-VIS detectors. COSMOSIL 5C18-MS-II (250 × 4.6 mm i.d. and 250 × 20 mm i.d.) columns were used for analytical and preparative purposes. The following materials were used for chromatography: normal-phase silica gel column chromatography, Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh); reversed-phase silica gel column chromatography, Chromatorex ODS DM1020T (Fuji Silysia Chemical, Ltd., 100-200 mesh); TLC, precoated TLC plates with Silica gel 60F 254 (Merck, 0.25 mm) (ordinary phase) and Silica gel RP-18 F 254S (Merck, 0.25 mm) (reversed phase); reversed-phase HPTLC, precoated TLC plates with Silica gel RP-18 WF 254S (Merck, 0.25 mm). Detection was achieved by spraying with 1% Ce(SO 4 ) 2 -10% aqueous H 2 SO 4 followed by heating.
Animal: Female C57BL/6 mice aged 6 weeks were purchased from Kiwa Laboratory Animals Co., Ltd. (Wakayama, Japan) and maintained in an air-conditioned room at 23±2°C. Standard laboratory chow (MF, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water were given freely. The sclerotia of I. obliquus (153.6 g) collected in Russia were extracted three times with MeOH under reflux for 3 h. Evaporation of the solvent under reduced pressure provided a MeOH extract (7.9 g, 5.1% from the sclerotia). An aliquot (7.6 g) from the extract was partitioned into an EtOAc-H 2 O (1:1, v/v) mixture to furnish an EtOAc-soluble fraction (3.4 g, 2.3%) and an aqueous phase. The aqueous phase was further extracted with n-BuOH to give an nBuOH-soluble fraction (1.7 g, 1.1%) and an H 2 O-soluble fraction (2.5 g, 1.7%). The EtOAc fraction (3.4 g) was subjected to ordinary-phase silica gel CC [90 g, n-hexane n-hexane-EtOAc These cells were maintained in MEM and RPMI1640 supplemented with 10% FBS, 100 U/mL penicillin, and 100 g/mL streptomycin.
Invasion Assay:
The invasion assay of HT1080 cells was performed using Cell Culture Insert TM and 24-well multiplates as reported previously [7, 8] 
Assay for Experimental Lung Metastasis of the Melanoma Cells:
A highly lung metastatic cell line desired from B16F10 melanoma cells was obtained by the in vivo selection method. Briefly, the melanoma cell suspension in PBS (2 x 10 5 cells/200 L) was injected intravenously into tail of C57BL/6 mice. Fifteen days later, metastatic nodules in the mice were isolated. After treatment of trypsin solution (0.25% trypsin and 0.02% EDTA in PBS), and the melanoma cells were cultured in RPMI1640 supplemented with 10% FBS, 100 units/ml penicillin, and 100 g/ml streptomycin.
This same process was repeated, and the resultant to C57BL/6 mouse highly lung metastatic cells were obtained and used for the experiments.
B16F10 melanoma cells described above were resuspended in PBS. The melanoma cell suspension in PBS (2 x 10 5 cells/200 L) was injected intravenously into tail of C57BL/6 mice. Fifteen days later, the mice were killed and the lungs were excised and tumor colonies were counted. Test samples were suspended in 5% acacia solution and given orally in a volume of 10 mL/kg once a day for fourteen days after the injection of melanoma cells.
Statistics:
Values were expressed as means±S.E.M. One-way analysis of variance following Dunnett's test was used for statistical analysis. Probability (p) values less than 0.05 were considered significant.
